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diet reduces  the  capacity of  the liver,  but not  the kidney,   for
metabolic activation of  NDMA,  thereby reducing  acute  toxic effects
in the liver and raising the dose that kills 50% of  the animals
(LDc0).     The higher doses  that may be given with this  protein-
deficient diet lead  to   a 100%  incidence  of   induced kidney  tumors.
In studies  in rats,   Rogers et.^ al.   (1974)   showed that  diets deficient
in lipotrophic  agents  such as  choline and  methionine  enhanced hepa-
tocarcinogenesis  by NDEA and NDBA,  but not  that induced by NDMA.
They also  enhanced the  induction of   esophageal   tumors  by NDBA.

Overall,  however,   the effort  directed toward the  study of
factors   that may affect   the metabolism of   nitrosamines  appears
to have been much less extensive than that  directed toward  other
classes of  carcinogens,   perhaps because most metabolic studies
have been conducted on compounds with relatively simple structures,
such as NDMA or NDEA (e.g., Phillips et_ al_. ,   1975).     Thus,   there
have been few bioassays   for  carcinogenicity using combinations of
agents  that may influence metabolic  activation in combination with
carcinogenic nitrosamines.    For example,   3-methylcholanthrene
inhibits liver  tumorigenesis when administered with 3-methyl-4~
dimethylatninoazobenzene,  a carcinogenic aminoazo  dye  (Richardson et
al.,  1952),  but does  not  have  a major effect  on the  induction of
liver tumors  by NDMA or NDEA (Hoch-Ligeti e_t al. ,   1968;  Makiura <et
al.,   1973).     The former,  but not   the latter,  authors  reported  that
cofeeding 3-methylcholanthrene and NDMA marginally increased the
yield of  subcutaneous  sarcomas  induced by  3-methylcholanthrene alone.
Schmahl and von Stackelberg  (1968)  failed  to observe any effect of
lactoflavin, nicotinamide,  or dipyridamole  on rat liver carcinogenesis
induced by NDEA.

Enhancement of  carcinogenicity by N-nitroso  compounds  can also
occur following metabolic activation,  at the  stages  of tumor initia-
tion or promotion.     The  concept  of multistage  carcinogenesis has
been well established by clinical observations and animal experimen-
tation (Farber and  Cameron,   1980).     It appears   that many, if not  all,
neoplasms arise from precursor lesions through a series  of steps,
during which they acquire increasing  degrees  of   autonomy  (Foulds,
1958; Medina,   1975).    This process is called tumor progression.
The two  general  stages  in the progression of   tumors   are  initiation
and promotion.

Tumor initiation refers  to  the earliest irreversible effect  of
exposure to a carcinogen.    This effect might be a consequence of
somatic mutation,  and it may not be associated with any recognizable
phenotypic  changes.    One of the most important factors altering the
magnitude of  tumor initiation is the rate of  cell replication in
tissues that are at risk of carcinogenesis.    This is  probably best
exemplified by the increased incidence of  hepatic neoplasms in new-
born and suckling animals (in comparison to adults)  that have been
treated with single doses or a few doses of N-nitroso compounds